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Abstract

Purpose Positive spinal sagittal alignment is known to correlate with pain and disability. The association between lumbar
spinal stenosis and spinal sagittal alignment is less known, as is the effect of lumbar decompressive surgery on the change
in that alignment. The objective was to study the evidence on the effect of lumbar decompressive surgery on sagittal spin-
opelvic alignment.

Methods The Cochrane Controlled Trials Register (CENTRAL), Medline, Embase, Scopus and Web of Science databases
were searched in October 2019, unrestricted by date of publication. The study selection was performed by two independent
reviewers. The risk of systematic bias was assessed according to the NIH Quality Assessment Tool. The data were extracted
using a pre-defined standardized form.

Results The search resulted in 807 records. Of these, 18 were considered relevant for the qualitative analysis and 15 for the
meta-synthesis. The sample size varied from 21 to 89 and the average age was around 70 years. Decompression was mostly
performed on one or two levels and the surgical techniques varied widely. The pooled effect sizes were most statistically
significant but small. For lumbar lordosis, the effect size was 3.0 (95% CI 2.2 to 3.7) degrees. Respectively, for pelvic tilt
and sagittal vertical axis, the effect sizes were — 1.6 (95% CI .2.6 to —0.5) degrees and —9.6 (95% CI — 16.0 to —3.3) mm.
Conclusions It appears that decompression may have a small, statistically significant but probably clinically insignificant
effect on lumbar lordosis, sagittal vertical axis and pelvic tilt.

Keywords Laminectomy [mesh] - Meta-analysis [Publication type] - Sagittal balance - Sagittal alignment - Spinal
alignment - Spinal curvatures [mesh]

Abbreviations SVA  Horizontal distance from the C7 plumbline from
SSPA  Consideration of whole spine and pelvis orienta- the mid-C7 vertebral body to the posterior supe-
tion in the sagittal plane (Sagittal spino-pelvic rior endplate of S1 (C7 sagittal vertical axis)
alignment) TPA Angle between the line from the center of T1 to
LL Angle between the lines through measured the axis of the femoral heads and the line from
endplates of lumbar vertebrae (e.g., upper end- the axis of the femoral heads to the middle of the
plate of L1 and upper endplate of S1) (Lumbar S1 endplate (T1 pelvic angle)
lordosis) PT Angle between the line connecting the midpoint

of the sacral plate to the axis of the femoral heads
and the vertical axis (Pelvic tilt)
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< Juho Hatakka ing this point to the axis of the femoral heads
juho.hatakka@utu.fi (Pelvic incidence)
. ) SS Angle between the horizontal line and upper
Department of Orthopaedics and Traumatology, Turku dol £S1 (S 1sl
University Hospital, PO Box 52, 20521 Turku, Finland endplate of S1 (Sacral slope)
) L ) PI-LL Difference between PI minus LL (PI-LL
University of Turku, Turku, Finland .
mismatch)

Department of Physical and Rehabilitation Medicine, Turku
University Hospital and University of Turku, Turku, Finland

Published online: 12 April 2021 @ Springer


http://orcid.org/0000-0001-6258-8303
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-021-06827-y&domain=pdf

European Spine Journal

TK Angle between the lines through measured
endplates of the thoracic vertebrae (e.g., upper
endplate of TS and the lower endplate of T12)
(Thoracic kyphosis)

TLK Angle between upper endplate of T10 and lower
endplate of L2 (Thoracolumbar kyphosis)

SSA Angle between the sacral plate between the
midpoint of C7 and the center of the sacral plate
(Spinosacral angle)

CO0-C7 Angle between the McGregor line and the lower

endplate of C7 (Occipital 7th cervical angle)

GT Angle subtended by a line from the center of
the superior sacral endplate to the center of the
C7 vertebral body and a line from the femoral
heads to the center of the superior sacral endplate
(Global tilt)

LSS This article is about degenerative narrowing of
the lumbar spinal canal, central or lateral, due
to intervertebral disk height loss, hypertrophied
ligamentum flavum, facet arthrosis and disk bulg-
ing. Foraminal stenosis is not within the scope of
this study (Lumbar spinal stenosis)

Introduction

Lumbar spinal stenosis (LSS) is the most common cause
of disability due to a spinal disorder [1]. It is also the most
common reason for spinal surgery in the elderly [2]. For
example, in the USA, the rate of lumbar decompression is
around 136 per 100,000 Medicare beneficiaries. Simultane-
ously, the amount of fusion surgery for treating LSS has
also increased [3]. Compared to conservative treatment,
decompressive surgery with or without fusion has shown a
positive effect on patients’ symptoms, especially leg pain,
claudication and overall disability [4, 5].

Consideration of sagittal spinal alignment arose with the
evolution of operative treatment in adolescent idiopathic
scoliosis (AIS) in the late 1980s [6]. Since Legaye and
Duval-Beaupere introduced pelvic incidence (PI) as a key
parameter regulating sagittal spinal balance [7], sagittal bal-
ance and its correlation with the results of spine surgery have
been widely studied. PI is considered a constant parameter
with no significant change with age, while thoracic kyphosis
(TK) increases and lumbar lordosis (LL) decreases with age
[8,9].

Sagittal spino-pelvic alignment (SSPA) describes spinal
and pelvic orientation in the erect posture with radiographic
parameters. A correlation has been found between the shape
and orientation of the pelvis and the morphology of sagittal
spinal curvatures in asymptomatic persons [10, 11]. Greater
positive SSPA has been found in asymptomatic elderly
people [8, 9, 12]. Decreased LL has been shown to have a
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strong correlation with low back pain [13]. When increased
positive SSPA appears as part of degenerative scoliosis, the
degenerative changes in spinal structures can be considered
irrecoverable.

The Scoliosis Research Society-Schwab adult deformity
classification describes spinal deformity two-dimensionally
with coronal curve types and three sagittal modifiers [14].
The first of the sagittal modifiers is PI-LL mismatch (PI-LL),
which is the difference between the current LL and the ideal
based on the pelvic anatomy and PI. The second modifier is
global alignment with the sagittal vertical axis (SVA), which
is influenced by changes in LL and TK as well as compensa-
tory mechanisms such as knee flexion and pelvic orientation,
described with the third modifier, pelvic tilt (PT).

The correlation between SSPA and patient-reported
outcome measures (PROM) has been reported with poorer
PROM scores associated with increased SVA and PT in
adults with spinal deformities [15—17]. Realignment surgery
has been shown to have a superior effect on both back pain
and quality of life with adult spinal deformity, compared
to conservative treatment [18, 19], and a greater correction
of SSPA is related to a higher health-related quality of life
(HRQOL) [20].

A well-known phenomenon is relief from spinal clau-
dication by bending forward. The movement reduces LL,
providing additional space to the compressed nerve roots
[21, 22]. There have only been a few studies on SSPA in LSS
patients compared to the asymptomatic population, two of
which suggest that LSS could affect SSPA [23, 24]. Compar-
ing compensatory mechanisms between patients with LSS
and those with adult spinal deformity (ASD), the former are
more prone to recruit pelvic shift than PT, while the oppo-
site is true of the those with ASD [25]. However, overall
evidence on an association between LSS and SSPA is scarce.

While decompression surgery is still the most common
operative treatment for LSS, its effect on SSPA is not well
known. The objective of this systematic review was to exam-
ine the evidence on the effects of decompressive surgery on
the parameters of SSPA among patients with LSS.

Methods
Inclusion and exclusion criteria (PICO)
Population

Adults undergoing lumbar laminectomy for degenerative
conditions. Excluding traumas, malignancy, tuberculosis or
other spinal infection, connective tissue disorders (rheuma-
toid arthritis, ankylosing spondylitis, sacroiliitis or respec-
tive), pregnancy, congenital or developmental abnormalities,
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cervical or thoracic spinal disorders and neuromuscular
diseases.

Intervention

Laminectomy was understood as a surgical procedure,
whereby a section of bone is removed from one or more
vertebrae from L1 to L5 to relieve pressure on the affected
nerve or spinal cord.

Comparison
Estimates of SSPA before and after surgery.
Outcome

Change in SSPA measured by any of the radiological param-
eters shown in Table 1.

Types of studies

Studies of any design published in peer-reviewed academic
journals with abstract available. Conference proceedings,
theses, case reports and case series were excluded.

Data sources

Medline via PubMed, Embase, Scopus, Web of Science, and
the Cochrane Controlled Register of Trials (Central). The
search clause for the Medline search was:

("Decompression, Surgical"[Mesh] OR
laminectom*[TIAB] OR laminotom*[TIAB]) AND
(*alignment*[TIAB] OR balance[TIAB] OR “sagit-
tal plane”[TIAB] OR “sagittal vertical axis”[TIAB] OR
“spinopelvic inclination”[TIAB] OR “pelvic angle”[TIAB]
OR “pelvic incidence”[TIAB] OR “sacral slope”[TIAB]
OR “pelvic tilt”[TIAB] OR “curvature”’[TIAB] OR “cer-
vical offset”[TIAB] OR “cervical angle”’[TIAB] OR
kyphosis[TIAB] OR lordosis[TIAB]) AND lumb*[TIAB]
NOT Review[ptyp] AND (hasabstract[text] AND
English[lang]).

In order to avoid missing potentially relevant studies,
the use of other limiters and filters was restricted, and the
authors relied instead on manual selection. Similar clauses
were used when searching the other databases. The refer-
ences of identified articles and reviews were also checked
for relevance.

Selection strategy
The records identified from the data sources were stored

using Endnote software (Endnote X7.8, Thomson Reuters).
Using a built-in search engine of the Endnote software,

duplicates, conference proceedings, theses, reviews and case
reports were deleted. Two independent reviewers screened
the titles and abstracts of the remaining articles and assessed
the full texts of potentially relevant papers (Fig. 1). Disa-
greements between the reviewers were resolved by consen-
sus or by a third reviewer.

Extraction strategy

The data needed for a quantitative assessment were extracted
using a standardized form based on recommendations by the
Cochrane Handbook for Systematic Reviews of Interven-
tions [26]. The form included: a first author name, a year of
publication, a country, a sample, a gender distribution, the
average age of patients, the duration of follow-up, surgical
techniques and the estimates of main outcomes.

Assessment of the methodological risks
of systematic bias

Two independent reviewers rated the methodological qual-
ity of the included trials using the NIH Quality Assessment
Tool for Observational Cohort and Cross-Sectional Studies
(Table 2). This 14-point tool assesses the risks of system-
atic bias based on the clarity of a research question, a par-
ticipation rate, a power analysis, a follow-up and dropouts,
among other criteria. The risk of bias is dichotomized as
“yes” versus “no.” Disagreements between the reviewers
were resolved by consensus or by a third reviewer.

Statistical analysis (meta-analysis)

A random-effects model was used to quantify the pooled
effect size of the included studies, which was a more fit-
ting choice than a fixed-effect model considering the context
of medical decisions making and generalizing the results
beyond the selected samples. The results were accompanied
by 95% confidence intervals (95% CI). The heterogeneity
was tested using the Q test and I” statistic. Heterogeneity was
deemed present if Q was greater than the degree of freedom
(number of studies — 1). The I? statistic described the per-
centage of the variability in effect estimates due to hetero-
geneity rather than to sampling error (chance). As the cor-
relation between pre- and post-estimates within groups was
not reported, the coefficient of pre/post correlation was set
at 0.6, assuming that at least that strong a correlation should
exist between two repeated measures. When the number of
studies in the model was > 10, a potential publication bias
was assessed using Egger’s test (two-tailed p value consid-
ered significant if <0.05), and trim-and-fill correction was
applied if needed. All calculations were performed using the
Comprehensive Meta-Analysis CMA software, Version 3.0,
available from www.meta-analysis.com.
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Table 1 (continued)

N of operated levels

Follow-
up,

Female Age, years

Surgical techniques

Study

years

All 2-levels

69 (36-87) 2

44%

Unilateral laminotomy and ligamentum flavum

Kanbara et al. [38], Japan

removal with spinous process osteotomy and

contralateral decompression

25; 3-level n=18

29; 2-level n=

1-level n

1
3
2

70 (9)

Bilateral laminotomy for index level decompression 47%

Madkouri et al. [39], France

All 1-level
1-level n

57 (14)
64 (7)

46%
nlr

Interlaminar group: Unilateral hemilaminectomy

Son et al. [41], Republic of Korea

=2

21; 2-level n

Endoscopic unilateral access bilateral laminotomy,

Youn et al. [44] DS Group, Republic of Korea

foraminotomy and removal of ligamentum flavum

=3

24; 2-level n

1-level n

67 (5) 2

nlr

Youn et al. [44] Non-DS Group, Republic of Korea Endoscopic unilateral access bilateral laminotomy,

foraminotomy and removal of ligamentum flavum

50; 2-level n=28; 3-level n=9; 4-level

1-level n

70 (9) 2

38%

Spinous process—splitting approach to perform

Ogura et al. [40], Japan

index level decompression

Results

The search resulted in 807 records (Fig. 1). Of these, 211
were duplicates. Using the Endnote® software search
engine, 197 records were excluded as conference proceed-
ings, editorials, theses, etc. The remaining 399 records
were screened based on titles and abstracts; the agreement
between reviewers was good, kappa 0.77 (95% CI 0.66 to
0.87). After further exclusion, 47 records were screened
based on their full texts; of these, 18 studies were included
for further analysis. Out of 18 studies, 10 had been con-
ducted in Japan and four in South Korea (Table 1). The
sample size varied from 21 to 89 and the average age was
around 70 years. The duration of follow-up ranged from
0.5 to 6 years. Fourteen studies were retrospective and
four prospective. Decompression was performed mostly
on one or two levels. Of 18 studies, three failed to produce
the data needed for the meta-synthesis [27-29]. Thus, the
quantitative meta-analysis was performed on 15 studies
[30-44].

LSS had been used as an inclusion criterion in 15 stud-
ies. Others included subjects with decompressive surgery
for spinal claudication [27], decompressive surgery for
degenerative scoliosis [29] and interlaminar decompres-
sion for lumbar intervertebral disk herniation [41]. Six
studies provided information on preoperative MRI [30, 35,
37,42-44] and only two had assessed the severity of LSS
on axial MRI [37, 44].

Eight different surgical methods for lumbar decompres-
sion were employed. One study did not provide detailed
information on the surgical method [29]. When laminec-
tomy was involved, the spinous process and bony lamina of
the index level were removed, providing a route to decom-
pression of one or two intervertebral levels by removal of
the ligamentum flavum. Laminotomy was done either on
one or both sides and the bony laminar arch was partially
removed, followed by removal of the ligamentum flavum.
Some of the studies employed microsurgery and others
endoscopic techniques. During spinous split osteotomy
and laminoplasty, the spinous process was initially divided
or shifted laterally and retracted back to its origin after
decompression. Laminectomy was used in three studies.
Laminotomy with or without microscopic or endoscopic
assistance was used in 10 studies. Spinous split osteotomy
or laminoplasty was used in four studies.

The exclusion criteria varied widely. Most of the stud-
ies excluded vertebral fracture or post-traumatic kyphosis,
neurological disease (e.g., Parkinson’s) and previous spi-
nal surgery. Even though several studies included patients
with degenerative spondylolisthesis, none accepted severe
spondylolisthesis of grade > 2 according to the Meyerding
classification. Degenerative scoliosis of varying definition
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Fig.1 Search flow
Medline Scopus Web of Science
n=394 n=346 n=34
Embase Central
n=27 n=6
_ Duplicates
n=807 P n=211
L Conference proceedings,
editorials, theses, papers on
n=595 —» rheumatoid arthritis and topics

was mainly excluded. Only five studies focused on changes
in SSPA as a primary outcome [27, 34, 37, 39, 40].

Plain radiographs of the lumbar spine were used in
eight studies assessing specifically SSPA parameters.
The remaining studies employed radiographs of the entire
spine or comparable imaging techniques (e.g., EOS™)
providing wider information on SSPA and pelvic orien-
tation. Of the SSPA parameters, LL. measured between
L1 to S1 were reported most frequently (13 studies), with
group sizes varying from 11 to 89 resulting in a total of
827 patients (Table 3). The SVA and PT were estimated
in 10 groups yielding a pooled sample of 547 patients for
each parameter.
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* n=197
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E
on titles and > );C_I;ggd
abstracts n=399 B
Assessed based > Excluded
on full texts n=47 n=29

v

Excluded due to

Included in )
o inadequate
qualitative .
. reporting
analysis n=18 =3

v

Included in
quantitative
analysis n=15

Risk of systematic bias

Risk of systematic bias was assessed with the NIH
Quality Assessment Tool for Observational Cohort and
Cross-Sectional studies [24] (Table 2). The most frequent
sources of potential risk of systematic bias were risks
related to absent study power analysis, unclear inclusion
criteria and non-blinded design. The risk was mostly
small regarding the clarity of study objectives, sample
descriptions, sufficiently described pre- and post-meas-
ures and definitions of variables. Two subcategories,
variation of exposures and amount of repeated measures,
were considered “not applicable” for all 18 studies. In
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Table 2 Risk of systematic bias

in the selected studies Study NIH criteria
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Arai et al. [30] Y N N N Y Y Y NA Y NA Y N Y CD
Chang [31] Y Y N N N Y Y NA Y NA N N N CD
Chang [32] Y Y N N N Y Y NA Y NA N N N CD
Dohzono et al. [27] Y Y NA N N Y Y NA Y NA Y Y NA CD
Dohzono et al. [33] Y Y NA N N Y Y NA Y NA Y Y NA CD
Fujii et al. [34] Y Y NA N N Y Y NA Y NA Y N NA CD
Hikata et al. [35] Y Y NA N N Y Y NA N NA N N NA CD
Tkuta et al. [36] Y Y NA Y N Y Y NA Y NA Y Y NA CD
Jeon et al. 37] Y Y NA N N Y Y NA Y NA Y N NA CD
Kanbara et al. [38] Y Y NA N N Y Y NA Y NA N N NA CD
Madkouri et al. [39] Y Y N N N Y Y NA Y NA Y N Y CD
Ogura et al. [40] Y Y NA N N Y Y NA Y NA Y N NA CD
Shin et al. [28] Y Y Y N N Y Y NA Y NA Y Y NA CD
Son et al. [41] N Y NA Y N Y Y NA Y NA N N NA CD
Transfeldtetal. [29] N N NA N N Y Y NA Y NA N N NA CD
Xia et al. [42] Y Y Y N N Y Y NA Y NA Y N NA CD
Xia et al. [43] Y Y NA N N Y Y NA Y NA Y N NA CD
Youn et al. [44] Y N NA N N Y Y NA Y NA Y N NA CD

NIH criteria:

1. Was the research question or objective in this paper clearly stated?
2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least 50%?

4. Were all the subjects selected or recruited from the same or similar populations (including the same time
period)? Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to
all participants?

5. Was a sample size justification, power description, or variance and effect estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being
measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure
and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as
related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented
consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented
consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants?
13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted statistically for their impact on the
relationship between exposure(s) and outcome(s)?

Y =yes, N=no, CD =cannot determine, NA =not applicable, NR =not reported

four studies, the outcome assessors were blinded. Two Meta-analysis

out of four prospective studies had a dropout of 20% or

less. Only two studies reported a participation rate of at ~ The occipital 7th cervical angle (C0-C7), T1 pelvic
least 50%. angle (TPA) and spinosacral angle (SSA) were used in

@ Springer
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Table 3 Raw mean differences within the selected individual studies and groups (MD in degrees if not specified otherwise)

Outcome Study Group MD 95% CI p n Relative weight
LL (L1-L5) Xia et al. [43] Entire group -7.70 —10.18 —-522 0.000 69 46.0
Xia et al. [42] Entire group -3.30 —3.83 -2.77 0.000 49 54.0
LL (L1-S1) Kanbara et al. [38] Entire group -0.50 —6.16 5.16 0.862 23 1.9
Son et al. [41] Entire group 0.40 -3.75 4.55 0.850 28 34
Arai et al. [30] ULBD 0.70 -2.03 3.43 0.616 47 6.5
Hikata et al. [35] Group A 1.20 —1.68 4.08 0.415 65 6.1
Ogura et al. [40] Entire group 1.70 —1.00 4.40 0.218 89 6.6
Youn et al. [44] Non-DS group 2.00 -0.84 4.84 0.167 27 6.2
Ikuta et al. [36] Group N 2.30 -4.16 8.76 0.485 11 1.5
Dohzono et al. [33] Entire group 2.40 -1.24 6.04 0.196 61 4.2
Arai et al. [30] MILD 2.60 -0.74 5.94 0.127 47 4.8
Chang [31] Entire group 2.60 1.79 3.41 0.000 48 19.0
Chang [32] Entire group 2.70 —-0.44 5.84 0.092 85 53
Youn et al. [44] DS group 3.60 1.17 6.03 0.004 23 7.7
Jeon et al. [37] Entire group 3.70 —-0.44 7.84 0.080 40 34
Madkouri et al. [39] Entire group 4.60 1.67 7.53 0.002 72 59
Ikuta et al. [36] Group R 5.00 1.84 8.16 0.002 29 53
Fujii et al. [34] Entire group 6.00 3.73 8.27 0.000 88 8.4
Hikata et al. [35] Group B 6.80 2.86 10.74 0.001 44 3.7
PI Ogura et al. [40] Entire group -0.50 -222 1.22 0.569 89 23.6
Ikuta et al. [36] Group N —-0.30 —3.80 3.20 0.867 11 5.7
Fujii et al. [34] Entire group 0.00 -1.79 1.79 1.000 88 21.9
Jeon et al. [37] Entire group 0.40 —-1.94 2.74 0.738 40 12.7
Dohzono et al. [33] Entire group 0.40 —1.80 2.60 0.722 61 14.4
Ikuta et al. [36] Group R 0.40 -2.17 297 0.760 29 10.5
Madkouri et al. [39] Entire group 0.70 -1.79 3.19 0.582 72 11.2
PI-LL Fujii et al. [34] Entire group —6.00 —8.36 -3.64 0.000 88 17.5
Ikuta et al. [36] Group R -5.10 —8.04 -2.16 0.001 29 12.8
Chang [31] Entire group -4.20 -5.16 -3.24 0.000 48 40.6
Ogura et al. [40] Entire group -2.20 -5.10 0.70 0.137 89 13.0
Dohzono et al. [33] Entire group -1.90 -5.30 1.50 0.274 61 10.1
Ikuta et al. [36] Group N -1.70 -6.30 2.90 0.469 11 6.0
PT Hikata et al. [35] Group B -4.10 —6.66 -1.54 0.002 44 79
Ikuta et al. [36] Group R -3.30 -5.47 -1.13 0.003 29 9.3
Fujii et al. [34] Entire group —3.00 -4.36 -1.64 0.000 88 12.7
Hikata et al. [35] Group A —2.60 —-4.47 -0.73 0.006 65 10.5
Jeon et al. [37] Entire group -2.10 —-4.39 0.19 0.072 40 8.9
Chang [31] Entire group —1.80 —2.45 -1.15 0.000 48 15.5
Ogura et al. [40] Entire group —-0.90 -2.92 1.12 0.382 89 9.9
Ikuta et al. [36] Group N -0.50 —-5.00 4.00 0.828 11 3.8
Dohzono et al. [33] Entire group 0.00 —2.06 2.06 1.000 61 9.7
Madkouri et al. [39] Entire group 1.40 -0.15 2.95 0.078 72 11.8
SS Madkouri et al. [39] Entire group —0.60 —-2.90 1.70 0.610 72 12.5
Ikuta et al. [36] Group N 0.20 -3.77 4.17 0.921 11 7.5
Jeon et al. [37] Entire group 0.30 -2.14 2.74 0.810 40 11.9
Ogura et al. [40] Entire group 0.30 -1.35 1.95 0.721 89 14.9
Dohzono et al. [33] Entire group 0.40 -1.70 2.50 0.708 61 13.2
Hikata et al. [35] Group A 2.60 0.75 4.45 0.006 65 14.2
Hikata et al. [35] Group B 4.10 1.67 6.53 0.001 44 12.0
Ikuta et al. [36] Group R 4.50 2.56 6.44 0.000 29 13.8
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Table 3 (continued)

Outcome Study Group MD 95% CI p n Relative weight
SVA (mm) Madkouri et al. [39] Entire group —24.00 -3332 —14.68 0.000 72 9.8
Hikata et al. [35] Group B —22.00 -31.56 —12.44 0.000 44 9.7
Fujii et al. [34] Entire group —-20.50 -27.14 —13.86 0.000 88 10.9
Jeon et al. [37] Entire group —16.00 —22.47 -9.53 0.000 40 10.9
Dohzono et al. [33] Entire group —8.80 -17.14 —0.46 0.039 61 10.2
Ogura et al. [40] Entire group —-6.90 —13.95 0.15 0.055 89 10.7
Chang [31] Entire group —2.00 —4.78 0.78 0.159 48 12.0
Hikata et al. [35] Group A 2.00 —5.47 9.47 0.600 65 10.5
Ikuta et al. [36] Group R 6.50 —4.58 17.58 0.250 29 9.0
Ikuta et al. [36] Group N 11.30 -6.74 29.34 0.219 11 6.3
TK Jeon et al. [37] Entire group —-2.00 —-4.95 0.95 0.184 40 10.3
Ogura et al. [40] Entire group 0.80 —-1.12 2.72 0.415 89 20.0
Hikata et al. [35] Group A 1.40 —1.05 3.85 0.263 65 139
Ikuta et al. [36] Group R 1.60 —1.81 5.01 0.357 29 8.0
Fujii et al. [34] Entire group 2.00 —0.06 4.06 0.057 88 18.2
Tkuta et al. [36] Group N 2.60 —4.27 9.47 0.458 11 2.2
Madkouri et al. [39] Entire group 2.60 0.34 4.86 0.024 72 15.7
Hikata et al. [35] Group B 3.20 0.48 5.92 0.021 44 11.7
TLK (T10-L2) Hikata et al. [35] Group A -0.10 -1.89 1.69 0913 65 48.2
Ogura et al. [40] Entire group —0.10 —-2.22 2.02 0.926 89 34.5
Hikata et al. [35] Group B 0.10 -2.89 3.09 0.948 44 17.3
TPA Madkouri et al. [39] Entire group -2.50 —-4.28 -0.72 0.006 72 100.0
C0-C7 Fujii et al. [34] Entire group 2.00 -0.27 4.27 0.085 88 100.0
SSA Jeon et al. [37] Entire group 2.30 -0.18 4.78 0.070 109 100.0
the included studies only once (Table 3). As shown in Discussion

Table 4, the pooled effects (when subgroups within the
study were used as the unit of analysis) were most sta-
tistically significant, except for the PI and thoracolum-
bar kyphosis (TLK) (T10-L2). When taking into account
the 95% confidence limits closest to zero, the difference
estimates were small, varying from 1° to 3° (2 mm in
the case of SVA). When pooling the results using the
study as the unit of analysis, the pooled estimates did
not substantially change (Fig. 2). PI, sacral slope (SS)
and TLK (T10-L2) were statistically insignificant. Other
parameters demonstrated only small fluctuations before
and after surgery. Regarding the primary outcomes, LL
(L1-S1) increased by 2.95° (95% CI 2.18° to 3.72°), PT
decreased by — 1.57° (95% CI —2.62° to —0.53°) and
SVA decreased by —9.63 mm (95% CI —15.99 mm to
—3.27 mm). In the case of LL, a risk of publication bias
was not observed with Egger’s test, p value 0.87. The
level of heterogeneity varied substantially.

This systematic review of 18 observational studies evalu-
ated the evidence on the effect of LSS decompression sur-
gery on SSPA. The meta-analysis of 15 studies showed
some small changes in SSPA after surgery. The observed
pooled effect was toward more neutral alignment, while
SVA and PT decreased, and LL increased after decom-
pressive surgery. While these changes were mostly sta-
tistically significant, they showed only small fluctuations
of a few degrees or millimeters and were probably not
clinically significant. The overall risk of systematic bias
of the included studies was considered high using the NIH
Quality Assessment Tool for Observational Cohort and
Cross-Sectional studies.

The speculated effect of decompression surgery on
relieving the compression of cauda equina and the pre-
viously observed association between SVA and PT and
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Table 4 Pooled raw mean

) : . Measure No. of stud-  No. of patients MD 95% CI P Q P Tau
dlfferenc.es (MD in QCgrees if ies or groups
not specified otherwise)

Using subgroups within study as unit of analysis
LL (L1-L5) 2 118 -533 -962 —-103 0015 12 91% 297
LL (L1-S1) 17 827 2.95 2.13 3.78 0.000 23 30% 0.87
PI 390 0.09 -0.74 093 0825 1 0% 0.00
PI-LL 6 326 -399 -518 =279 0.000 7 31% 0.82
PT 10 547 -1.69 -269 -0.70 0.001 29 69% 124
SS 8 411 1.56 0.16 2.95 0.029 22 69% 1.64
SVA (mm) 10 547 —-882 —1528 —-236 0.007 73 88% 9.41
TK 8 438 1.48 0.45 2.51 0005 9 19% 0.64
TLK (T10-L2) 3 198 -0.07 -131 1.18 0918 0 0%  0.00
Using study as unit of analysis
LL (L1-L5) 2 118 -533 -962 —-1.03 0.015 12 91% 297
LL (L1-S1) 13 827 2.95 2.18 3.72 0.000 16 24% 0.65
PI 6 390 0.09 -0.74 093 0825 1 0% 0.00
PI-LL 5 326 -4.02 -517 -—-2.87 0.000 6 31% 0.73
PT 8 547 -157 =262 —-053 0.003 27 74% 1.25
SS 6 411 1.32 -0.15 280 0.078 18 72% 1.54
SVA (mm) 8 547 -9.63 —1599 -—-327 0.003 58 88% 842
TK 6 438 1.42 0.28 2.56 0015 8 35% 0.83
TLK (T10-L2) 2 198 -0.07 -131 1.18 0918 0 0%  0.00

severity of symptoms, as seen in ASD, could not be con-
firmed with the present results [15, 16]. A former study by
Buckland et al. showed the importance of pelvic shift as
compensatory mechanism in LSS [25], but none of studies
in the present systematic review employed pelvic shift as
a SSPA parameter.

The studies covered eight decompression techniques,
laminotomy or its alternatives being the most common.
Although these techniques varied substantially [27, 28,
35, 37, 38], they were well-described, allowing them to be
compared. No superiority of a particular surgical technique
was observed. Cochrane meta-analysis compared the effec-
tiveness of different surgical techniques for LSS. Primary
outcomes in the included studies were leg pain, satisfactory,
disability indexes, postoperative instability and periopera-
tive complications; no differences between techniques were
found [45].

Bernhardt and Bridwell were one of the first to report
normal values of sagittal spinal alignment in an asymp-
tomatic population with Cobb measurements of the TK,
thoracolumbar junction and lumbar spine [46]. Lenke intro-
duced a new classification for AIS with a sagittal modifier
evaluating the extent of TK [47]. The Scoliosis Research
Society-Schwab adult deformity classification takes three
parameters, PI-LL, SVA and PT, into account in sagittal
plane evaluation [14]. Several previous studies have reported
the important role of SSPA in spinal deformity [15, 16, 48].
Recently, new surgical techniques have been introduced to

@ Springer

restore sagittal imbalance and to treat symptoms in adults
with spinal deformity. While the results have been in favor
of surgical treatment [18-20], the rates of complications and
reoperations have been high [48, 49].

In the context of other spinal disorders, the role of SSPA
in the reported results has been highly inconsistent. Barrey
et al. found one- and two-level lumbar spondylolisthesis to
correlate with greater positive SSPA and pelvic retrover-
sion [50]. Rhee et al. did not observe a connection between
clinical improvement and changes in LL or overall sagit-
tal imbalance after treated lumbar spondylolisthesis [51].
Similar findings have been reported by Forsth et al. when
comparing fusion surgery with decompression alone in LSS
[52]. Zarate-Kalf6pulos et al. proposed pelvic morphology
to have a predisposing role in the pathogenesis of lumbar
degeneration, with a lower PI being associated with a risk
of LSS and a higher PI with a risk of degenerative spon-
dylolisthesis [53].

Evidence on the association between LSS and SSPA is
scarce. While bending forward for relief is a well-known
phenomenon, two studies have suggested that LSS might
affect SSPA. Suzuki et al. found that LSS patients with
claudication symptoms have greater positive sagittal bal-
ance and increased pelvic retroversion than LSS patients
without claudication [24]. Farrokhi et al. reported similar
results of greater positive sagittal balance and decreased
LL among LSS patients compared with healthy controls
[23]. Buckland et al. compared compensatory mechanisms
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Fig.2 Pooled raw mean dif- Difference
ferences for primary outcomes in means
;‘EZ? study as the unit of Kanbara 2018 -0.50
yoIs Son 2018 0.40
Arai 2014 1.46
Ogura 2019 1.70
Dohzono 2016 2.40
Chang 2018 A 2.60
Chang 2018 B 2.70
Youn 2018 2.92
Hikata 2015 3.15
Jeon 2015 3.70
lkuta 2016 4.48
Madkouri 2018 4.60
Fujii 2015 6.00
LL (L1-S1), degrees  2.95
Difference
in means
Hikata 2015 -3.12
Fujii 2015 -3.00
lkuta 2016 2.77
Jeon 2015 -2.10
Chang 2018 A -1.80
Ogura 2019 -0.90
Dohzono 2016 0.00
Madkouri 2018 1.40
PT, degrees -1.57
Difference
in means
Madkouri 2018 -24.00
Fuijii 2015 -20.50
Jeon 2015 -16.00
Dohzono 2016 -8.80
Hikata 2015 -7.09
Ogura 2018 -6.90
Chang 2018 A -2.00
Ikuta 2016 7.82
SVA, mm -9.63

between LSS and ASD patients and found that LSS patients
were more prone to increased pelvic shift to allow a forward
bending posture, especially in the well-aligned group [25].
Bayerl et al. classified patients undergoing decompression
surgery for LSS according to the severity of sagittal imbal-
ance; the results were comparable between groups in leg and
back pain and quality of life [54]. While investigating the
correlation between spinopelvic parameters and the effect
of physiotherapy on the severity of back pain in mild LSS,
Beyer et al. also reported that greater PI predicts greater
relief in back pain [55]. Additionally, Liang et al. observed

Lower  Upper
limit limit
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-0.65 3.58 S
-1.00 4.40
-1.24 6.04
1.79 341 -+
-0.44 5.84
1.08 4.77 ——
0.83 5.48 —_—
-0.44 7.84
1.64 7.32 —_—
1.67 7.53 —_—
3.73 8.27 -——
2.18 3.72 >
-8.50 4.25 0.00 4.25 8.50
Lower  Upper
limit limit
4.63 -1.61 —a—
-4.36 -1.64 —a—
-4.73 -0.81 —
-4.39 0.19 ]
-2.45 -1.15 ——
-2.92 1.12 ]
-2.06 2.06 .
-0.15 2.95 i
-2.62 -0.53 e
-5.00 -2.50 0.00 2.50 5.00
Lower  Upper
limit limit
-33.32  -14.68
2714  -13.86
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-12.97 -1.20 ——
-13.95 0.15 —i—
4.78 0.78 i
-1.63 17.26 L
-15.99 -3.27 -
-33.50 -16.75 0.00 16.75 33.50

a normalization of increased positive sagittal balance after
lumbar discectomy [56].

A single previous systematic review of the topic, which
included 10 studies (eight of which were included in our
review) [57], while lacking a quantitative meta-analysis, esti-
mated that decompression surgery led to SVA correction
in 25% to 73% of patients. It has also been suggested that
greater PI-LL preoperatively correlates with residual sagit-
tal malalignment postoperatively, which could be explained
by structural degenerative changes rather than by reversible
changes due to LSS itself [33, 34, 40].
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Any generalization of these findings should be done
carefully. A meta-analysis is always an approximation. The
included studies differed widely regarding the used surgical
techniques, inclusion criteria, and the radiological assess-
ment of SSPA parameters. The pooled study sample was lim-
ited to a particular age group of around 70 years. The overall
risk of systematic bias was high, and there has not been a
single randomized controlled trial on the topic. Additionally,
only four of the included studies were prospective. The sub-
stantial variety of follow-up might also weaken the conclu-
sions of the review, considering that degenerative changes
might affect SSPA parameters especially during long-term
follow-up, as has previously been observed in the general
population [8]. The interpretation of the results might also
be uncertain, as there is no generally accepted radiologi-
cal classification of LSS severity and diagnosis based on
a combination of patient history, clinical findings, radio-
graphs and neurophysiological assessment [58]. As only
two of the 18 included studies provided some information
about LSS grade, the pooled sample might be substantially
mixed regarding LSS severity. The influence of coexisting
spondylolisthesis on the magnitude of the studied effect is
also unclear. Evaluating the clinical meaning of the changes
found in our meta-analysis presents some challenges. The
minimal clinically important difference is not known for
SSPA parameters, and clinical thresholds for symptomatic
SSPA are controversial. Although SVA >47 mm, PT > 22°
and PI-LL > 11° have been correlated with more severe dis-
ability, there are no generally accepted limits for normal
SSPA parameters [17].

In conclusion, the quality of the evidence on the effect of
decompressive surgery for LSS on SSPA was low, and there
was substantial heterogeneity of the study design among the
studies included. Although decompression surgery demon-
strated a statistically significant effect on LL, SVA and PT
toward more neutral alignment, the effect was small and
probably clinically insignificant.
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